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Abstract 
In the field of medical applications, typically obtained medical images like X-ray, CT, MRI etc. consists of noise that reduces the 
visual quality of an image. Therefore, de-noising is essential during the image acquisition process. Though several methods are 
available for de-noising the image, the performance metrics of wavelets and threshold values to be used are not optimized for 
assessing the quality of an image. In this paper, DWT techniques with suitable threshold value and five objective quality metrics 
are used for de-noising the abnormal MRI brain speckle noise image. Quality metrics like Squared Error Mean (SEM), Peak 
Signal to Noise Ratio (PSNR), Structural content (SC), Structural Similarity Index Method (SSIM), and Absolute Mean Error 
(AME) are estimated for de-noised MRI brain image are discussed. The quality of the image is assessed depending on the metrics 
and wavelet threshold techniques. 
 
Keywords: MRI brain abnormal image, DWT , threshold, Squared Error Mean (SEM), Peak Signal to Noise Ratio (PSNR), Structural content 
(SC), Structural Similarity Index Metrics (SSIM), Absolute Mean Error (AME). 
1. INTRODUCTION    
Elimination of noise from images in the area of Bio-medical image processing is required because of poor visual 
quality1,4 due to noise. Medical images like X-ray, CT, MRI are affected by noise during its process can be detected 
by using several methods. Some of these methods on other hand provide the blurring images8. Hence, the selection 
of noise removal methods2 are very crucial in bio-medical image processing.There are many methods to prevent the 
unwanted signals in images. In this paper, MRI brain abnormal image is de-noised by using different wavelet 
 
 
* Corresponding author. Tel.:+09492122525; fax: +0-000-000-0000 . 
E-mail address:sowjanyav2709@gmail.com. 
670   V. Sowjanya et al. /  Procedia Computer Science  85 ( 2016 )  669 – 675 
techniques, decomposition levels, with suitable threshold values and quality assessment parameters are used. 
Generally images are corrupted with additive and multiplicative noises which can be removed by using different 
filtering methods6 or wavelets techniques etc. There are different types of wavelets, out of them some discrete   
wavelet techniques db4, sym4, and bior1.3 are used for de-noising the MRI brain abnormal image.The wavelet 
transform brings revolutionary influence in image processing. In DWT, images can decomposed into approximation 
coefficients and detailed coefficients along with horizontal, vertical and diagonal directions4,7 by passing through 
complementry filters. In this section considered the 3 levels of decomposition and suitable threshold values on 
speckle noised MRI abnormal image. This type of noise appears in coherent imaging systems like RADAR, SAR, 
ultrasound and MRI3,5. 
2. Noise Estimation Parameters 
To obtain percepteal image quality using de-noising technique with wavelet filter performance, the preparatary 
results are assessed accoding to the following noise estimation parameters. 
 
  
x Squared Error Mean (SEM):  
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x Peak Signal to Noise Ratio (PSNR):  
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                  Where Imax is a maximum possible pixel value. 
          
x Structural Similarity Index Method (SSIM):  
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x Structural Content (SC): 
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x Absolute Mean Error (AME):  
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Where  jip ,  denotes the samples of original image,  jiq ,  denotes the samples of de-noised image. K and L are 
number of pixels in row and column respectively6.  
 
2.1 Wavelet threshold selection  
 
Wavelet thresholding is the comparison of decomposed coefficients with threshold value to decide desirable parts of 
the original image2. In image de-noising method, threshold coefficient is chosed for each sub-band level4,6. The 
shrinkage rule determines how the threshold applied to the data. There are two ways of thresholding, either hard or 
soft thresholding respectively and is given by,7  
 
 
x Hard thresholding 
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               Where O  is threshold, w is wavelet coefficients. 
 
x Soft thresholding  
 
                  Ȝw0;maxwsgnRȜS {
         
                                                                                                              
               Where O  is threshold, w is wavelet coefficients. 
x Global thresholding 
       This universal threshold method derived by Donoho. 
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             Where n is the size of the wavelet coefficient 
 
3. Results and Discussions 
In this paper different brain images are collected from King George Hospital, Visakhapatnam.These images are 
corrupted with additive speckle noise. Therefore, by appling some discrete wavelets such as db4, bior1.3 and sym4 
to de-noise these MRI brain abnormal images in spatiai and frequency domains by passing through complementary 
filters are shown below. Here, consider the quality metrics such as SEM.PSNR, SSIM, SC and AME are computed 
and   compared using soft and hard thresholds in three level decomposition.   
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original image noisy image
decompose image denoised image
 
Fig. 1. db4 Level 1 hard threshold de-noising 
 
 
Table 1. Quality metrics for MRI de-noised image with wavelet db4 soft and hard thresholds 
 
 
                                   Speckle noise with wavelet db4 
                 Level 1 
         
               Level 2             Level 3 
Quality metrics    Soft      Hard     Soft     Hard       Soft     Hard 
SEM 
 
13.22775 
 
7.2916 
 
20.0267 
 
9.0240 
 
22.5127 
 
9.3506 
PSNR(dB) 
 
36.8996 
 
39.5026 
 
35.1147 
 
38.5768 
 
34.6065 
 
38.4224 
SSIM 
 
0.9970 
 
0.9984 
 
0.9955 
 
0.9980 
 
0.9949 
 
0.9979 
SC 
 
1.0000 
 
1.0000 
 
1.0000 
 
1.0000 
 
0.9997 
 
0.9999 
AME 
 
3.5353 
 
2.6893 
 
4.3591 
 
3.0602 
 
4.6471 
 
3.1455 
 
From Table 1, it was observed that wavelet db4 hard thresholding technique gives best de-noised image compared to 
soft threshold as its SEM, AME value is low,high  PSNR for db4 wavelet at level 1 when compared with level 2 and 
3. 
 
673 V. Sowjanya et al. /  Procedia Computer Science  85 ( 2016 )  669 – 675 
original image noisy image
decompose image denoised image
 
Fig. 2. bior1.3 Level 1 hard threshold de-noising 
 
 
 
 
 
Table 2. Quality metrics for MRI de-noised image with wavelet bior1.3 soft and hard thresholds 
 
                                 Speckle noise with wavelet bior1.3 
       Level 1         Level 2             Level 3 
Quality metrics    Soft   Hard     Soft   Hard     Soft     Hard 
SEM 
 
16.5037 
 
7.5406 
 
22.1887 
 
9.0161 
 
23.5214 
 
9.2522 
PSNR(dB) 
 
35.9550 
 
39.8567 
 
34.6695 
 
38.5806 
 
34.4162 
 
38.4684 
SSIM 
 
0.9963 
 
0.9983 
 
0.9950 
 
0.9980 
 
0.9947 
 
0.9979 
SC 
 
0.9999 
 
1.0000 
 
0.9997 
 
0.9998 
 
0.9995 
 
0.9997 
AME 
 
3.9128 
 
2.7427 
 
4.5725 
 
3.0411 
 
4.7446 
 
3.1072 
 
 
From Table 2, it was observed that wavelet bior1.3 hard thresholding technique gives best de-noised image 
compared to soft threshold as its SEM, AME value is low. The PSNR value is high SC, SSIM indicates the high 
quality metrics at level 1 when compared with level 2 and 3.The visual quality of de-noised image using bior1.3 
wavelet is superior compared to db4 and sym4 as the PSNR is high. 
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original image noisy image
decompose image denoised image
 
 
Fig. 3. sym4 Level 1 hard threshold de-noising 
 
 
 
Table 3. Quality metrics for MRI de-noised image with wavelet sym4 soft and hard thresholds 
 
                              Speckle noise with wavelet sym4 
       Level 1         Level 2             Level 3 
Quality metrics    Soft   Hard     Soft   Hard    Soft   Hard 
SEM 
 
13.1232 
 
7.1510 
 
19.8362 
 
8.9159 
 
22.2456 
 
9.2138 
PSNR(dB) 
 
36.9564 
 
39.5871 
 
35.1562 
 
38.6292 
 
34.6584 
 
38.4864 
SSIM 
 
0.9971 
 
0.9984 
 
0.9955 
 
0.9980 
 
0.0050 
 
0.9979 
SC 
 
0.9999 
 
0.9998 
 
1.0000 
 
1.0000 
 
1.0001 
 
1.0001 
AME 
 
3.5002 
 
2.6413 
 
4.3534 
 
3.0248 
 
4.6359 
 
3.0963 
  
 
From Table 3, it was observed that the wavelet sym4 hard thresholding technique gives best de-noised image 
compared to soft threshold and shows low SEM, AME values and high PSNR. As SC and SSIM indicates the high 
quality metrics at level 1 when compared with level 2 and 3. 
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4. Conclusions 
The various wavelet de-noising techniques for MRI brain abnormal image to remove the speckle noise is 
investigated with various quality metrics.The quality metrics are computed and their values are compared for the  
three wavelets (db4,bior1.3,sym4) with thresholds.The bior1.3 wavelet with hard thresholding provides  with better 
visual quality of image,high PSNR,low SEM and AME values. The quality metrics for Level 1 decompositions is 
superior compared to Level 2 and Level 3. This wavelet de-noising method can also be applied for de-noising of 
other medical images such as X-ray, CT and Ultrasound images. 
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